by chloroform extraction (2) . Methyl green Number 685, which has the same specificity for polymerized DNA as has Number 684 (3), was used in the development of the histochemical method (4) . The data obtained earlier for the stoichiometry of methyl green Number 684, were used in the calculations for the quantitative histochemical application, and it was found necessary to use a molar extinction coefficient at 645 m~ of 75,000 for the methyl green-nucleic acid compound instead of the experimental 100,000, so that the calculations would check with chemical analyses for nucleic acid.
The purpose of this communication is to report some characteristics of the methyl green-nucleic acid compound (using, primarily, methyl green Number 685) which permit a simple approach to the problem of stoichiometry. New data on the nature of the compound are thus obtained which clarify the calculations used in the histochemical method, confirm the hypothesis that the compound is in equilibrium with its uncombined constituents, and open new applications of the dye in the study of desoxyribonucleic acid and desoxyribonuclease.
EXPERIMENTAL
The two samples of methyl green described above were dissolved in 0.2 M pH 4.2 acetate buffer to make a 0.04 per cent solution of the commercial dye. (All concentrations given in per cent refer to commercial dye.) The solutions were extracted repeatedly with chloroform until the extracts were entirely free of color as observed visually. The resultant solutions were found to have maximum absorption at 632.5 m~ as measured in a Beckman quartz spectrophotometer (the difference between 632.5 and 635 previously found (2) may be ascribed to the use of different instruments1). The extinction coefficients at 640 m~ were 31.7 for number 685 and 34.0 for Number 684. The perchlorate of Number 685 was prepared by adding 70 cc. 0.1 HC10~ neutralized with 10 N NaOH to 90 cc. 0.25 per cent solution of the dye in 0.1 pH 4.2 acetate buffer (chloroform-extracted). The precipitate was filtered off on a Buchner funnel, washed with 3 to 4 small portions of cold H,O, dried at 110°C. to constant weight. A 0.00026 per cent solution of Number 685 gave an extinction coefficient in a 10 mm. cell of 0.319 at 632.5 m/~ (maximum) and a 0.000428 per cent solution gave an E of 0.533. These correspond to molar extinction coefficients at 632.5 m~ of 73,200 and 74,400 which closely approximate the value of 74,400 found for Number 684 (of. reference 2) . At 640 m~ the molar extinction coefficient is 70,800.
Thus, the commercial dyes were 60.7 per cent and 53.2 per cent pure for Number 685 and Number 684 respectively.
1 The instrument used in the earlier experiments was calibrated with a mercury line source. However, the present instrument could be calibrated only with the hydrogen line as described in the Beckman Bulletin 89-]3 (Beckman Quartz Spectrophotometer, Instructions for Use of U.V. Accessories, National Technical Laboratories, South Pasadena, 1949, 3), and the mercury vapor absorption line at 253.7 m# (weak).
on July 12, 2017 jgp.rupress.org
Downloaded from
As with Number 684 (Text- fig. 3 in reference 3) increments of polymerized sodium desoxyribonucleate (DNA) ~ (5) were found to increase the extinction coefficient and shift the absorption maximum until a stable state was reached corresponding to a molar extinction coefficient at the maximum, 642.5 m/~ (compare again, 645 mg found with the instrument used in earlier experiments), of 100,700 and at 640 m~ of 99,500 (average from Table I of values, within 2 per cent of the mean value, considered within limit of error of instrument).
To 5.0 cc. 0.001 per cent methyl green Number 685 in 0.008 M pH 4.2 acetate buffer, increments of DNA (28.4 ~ P/cc.) were added and the mixtures diluted to 9.0 cc. with H~O. The results are given in Table I . As with Number 684, the stable state corresponded to mixtures with P/dye ratios in excess of 30. The molar extinction coefficient of 100,700 at 642.5 m/~ agrees with that found for Number 684 (2, 3) .
Methyl green Number 685 like Number 684 fades markedly at pH's outside the range 3.5-5.0. The fading proceeds fairly rapidly at pH 7.5 and the color intensity become~ stable within 19 hours at room temperature. At 4°C. fading is very slow and at 56°C. equilibrium is attained in an hour (but DNA is rapidly depolymerized at this temperature). The pH was adjusted by adding to 5 cc. of solutions of the various concentrations of methyl green in 0.01 ~¢ pH 4.2 acetate buffer, 0.524 cc. 0.1 ~ sodium veronal. As indicated in Table II Solutions containing considerable excesses of DNA in proportion to methyl green, such that all the methyl green may be expected to be combined, do not fade upon the adjustment of the pH to 7.5. As the excess of DNA is reduced, so that the methyl green is not completely bound to DNA, progressive fading is observed (Table HI) .
Incrementsof DNA in H~ wereadded to 5.0 cc. 0.001 per cent methyl green Number 685 in 0.008 • pH 4.2 acetate buffer to a final volume of 9.0 cc. After 1 to 2 hours (this precaution was later found to be unnecessary since the reaction between DNA and methyl green proceeds as well at pH 7.5) 0.42 cc. 0.1 u sodium veronal was added to each of the above mixtures to adjust the pH to 7.5. The tubes were stoppered and allowed to stand for 19 hours at room temperature and the Table III. It appears, therefore, that the methyl green-polymerized DNA compound unlike free methyl green, does not fade at pH 7.5.Increasingthe pH up to 8.0 produces no appreciable effect on the extinction coe~cient of the compound, but above this pH, the compound fades (rapidly above 8.2).
Below pH 3.5, the methyl green-DNA compound precipitates as white fibers.
Depolymerized DNA (prepared from solutions of polymerized DNA by heating in a boiling water bath or by subjection to the action of desoxyribonuclease) does not protect methyl green against fading at pH 7.5. This would be expected from the failure of methyl green to combine with depolymerized DNA. Depolymerization of the DNA by boiling or by enzyme action after the on July 12, 2017 jgp.rupress.org Downloaded from polymerized DNA-methyl green mixture has been permitted to fade to constant extinction (i.e., unbound methyl green has been allowed to fade out leaving essentially only combined methyl green to give the color), results in the fading characteristic of free methyl green. The action of boiling on methyl green itself is presumed not to be responsible for the observed fading since boiling free methyl green at pH 4.2 results in no fading, while boiling methyl green-DNA at pH 4.2 results only in shifting the absorption maximum back to 632.5 m/~ and reducing the extinction corresponding to that expected for Table V , corresponds to that of the methyl green-DNA without veronal. free methyl green as compared to combined (2). Furthermore, depolymerization by desoxyribonuclease at room temperature results in the same changes, so that one may conclude that the alterations observed are due to the depolymerization of DNA with the consequent release of free methyl green which fades at pH 7.5.
Since the methyl green-DNA compound reveals maximum intensity of absorption in the range pH 3.5-8.0, it was of interest to determine whether the addition of DNA to free methyl green which had been allowed to fade at pH 7.5 would result in return of color intensity. Table IV . These experiments were set up to be comparable to those of Table  V in which mixtures of DNA and colored dye (pH 4.2) were made and then allowed to fade upon adjusting the pH to 7.5. (Experiment designations are the same as in the corresponding experiments of Table V .) The extinctions were measured at 640 m# after equilibrium had been reached (99 hours).
It may be noted that for point 1 Number 685, where DNA is in great excess, complete recolorization of dye occurs 3.0 cc. of methyl green-DNA mixtures were allowed to stand 19 hours after adjustment to pH 7.5, added to 12.0 cc. 95 per cent alcohol + 0.5 co. 2 M NaCI, allowed to stand at 2°C. for 18 hours, and centrifuged. In each case, the Em was 0 for the supernates. The white sediments were allowed to drain dry, dissolved in 3.0 cc. 0.1 u acetate buffer pH 7.5. Cloudy, colorless suspensions resulted. Acetone appears to be without influence on the color intensity of methyl green at pH 4.2 and of methyl green-DNA at pH 4.2 or pH 7.5. It may, therefore, be a suitable dehydrating agent in lieu of alcohol as previously suggested (4). To 2.0 cc. of a methyl green-DNA mixture corresponding to B of Table I (P/dye ffi 7.65) were added 2.0 cc. acetone. Green fibers precipitated, leaving a very pale green supernate. These fibers were dipped in Serensen's pH 7.5 phosphate buffer and then allowed to remain 1 week in 10.0 cc. acetone to which had been added 0.5 cc. pH 7.5 buffer. The green fibers retained their color apparently unimpaired.
Since the color of methyl green when combined with polymerized DNA is stable at pH 7.5, whereas the free methyl green fades at this pH, another method (cf. references 2 and 3) was possible for analyzing the stoichiometry of the reaction. A number of mixtures were prepared with varying DNA to methyl green ratios at pH 4.2. These were adjusted to pH 7.5 with sodium veronal and allowed to fade to constant intensity (19 hours). From the extinction coefficients 
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Assuming that point 14 (Table V) is near enough the asymptote to warrant its use for the calculation of the stoichiometry of the reaction, we obtain P/dye --13.6 for Number 685 and P/dye = 12.8 for Number 684. These values may be slightly too high since the asymptote may not have been quite attained. assuming that the combination involves two phosphoric groups (P) per methyl green (2) and letting [P-] represent the effective concentration of uncombined P (i. e., approximately 1 uncombined P in 6). It follows that simple dilution will shift the equilibrium, favoring dissociation in order to maintain K constant. In order to test this prediction, mixtures of DNA and methyl green which had been permitted to come to equilibrium at pH 7.5 were diluted with 0.01 M pH 7.5 acetate-veronal buffer and allowed to (Table VI) reveal that fading has, in fact, occurred. By setting the equilibrium equations equal to each other, we can solve for the ratio of P/dye in the compound. where the symbols are the same as in the preceding formulae, [P~] is the molar concentration of total DNA phosphorus added, and X is the stoichiometric ratio P/dye.
Then, substituting the last three equations in the formula for K above,
/ 7070o
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Setting K for diluted and undiluted samples equal to each other, we solve for X (Table VI) . The value of P/dye of 12.9 thus found agrees with the values 12.8 and 13.6 obtained from Table V .
mscussIoN AND CONCLUSION
The data permit certain conclusions in regard to the composition and behavior of the compound formed between DNA and methyl green. It appears that the reaction is an equilibrium state since excess of either constituent favors complete combination of the other. Furthermore, the compound appears to have the composition of 13 P/dye (0.077 dye/P) for both Nos. 685 and 684. This conclusion is based upon calculations from the mass law and upon the observation (Text- fig. 1 ) that large excesses of methyl green result in a compound of this constitution. Excesses of methyl green in the range of 3 to 1000 times give the same result. In view of the reversibility of the reaction, lesser excesses result in less complete binding of the DNA. Large excesses of DNA result in complete binding of methyl green. The value of 13 P/dye for Number 685 accounts for the discrepancy between the ~s of 100,000 found for the DNAmethyl green compound in mtro and that of 75,000 required in the formula for the quantitative estimation of polymerized DNA in nuclei (4) . In these calculations a stoichiometric ratio of 10 P/dye was assumed. The new ratio requires a factor of 13/100,000 in converting the measured extinction coefficient to mois P instead of 10/75,000. The result of the calculation is, obviously, uninfluenced, but it is gratifying to find that the ¢~ is the same in vitro and in nudeo.
The observation that the reversible fading of methyl green on changing the pH from 4.2 to 7.5 does not occur for the methyl green-DNA compound is of interest. It has been presumed that this fading is due to the conversion of the quinonoid form of the dye to a benzenoid form with the formation of the carbinol. The combination with DNA apparently prevents this intramolecular rearrangement. The gradual reestablishment of the color of the "leuco" dye upon the addition of polymerized DNA suggests that the carbinol and quinonoid forms exist in equilibrium so that as the quinonoid form becomes combined with methyl green the carbinol is converted to the quinonold to make more available. 
